Prostate cancer is the most frequently diagnosed malignancy in American men, and a more aggressive form of the disease is particularly prevalent among African Americans. The therapeutic success rate for prostate cancer can be tremendously improved if the disease is diagnosed early. Thus, a successful therapy for this disease depends heavily on the clinical indicators (biomarkers) for early detection of the presence and progression of the disease, as well as the prediction after the clinical intervention. However, the current clinical biomarkers for prostate cancer are not ideal as there remains a lack of reliable biomarkers that can specifically distinguish between those patients who should be treated adequately to stop the aggressive form of the disease and those who should avoid overtreatment of the indolent form. A biomarker is a characteristic that is objectively measured and evaluated as an indicator of normal biologic processes, pathogenic processes, or pharmacologic responses to a therapeutic intervention. A biomarker reveals further information to presently existing clinical and pathological analysis. It facilitates screening and detecting the cancer, monitoring the progression of the disease, and predicting the prognosis and survival after clinical intervention. A biomarker can also be used to evaluate the process of drug development, and, optimally, to improve the efficacy and safety of cancer treatment by enabling physicians to tailor treatment for individual patients. The form of the prostate cancer biomarkers can vary from metabolites and chemical products present in body fluid to genes and proteins in the prostate tissues. Current advances in molecular techniques have provided new tools facilitating the discovery of new biomarkers for prostate cancer. These emerging biomarkers will be beneficial and critical in developing new and clinically reliable indicators that will have a high specificity for the diagnosis and prognosis of prostate cancer. The purpose of this review is to examine the current status of prostate cancer biomarkers, with special emphasis on emerging markers, by evaluating their diagnostic and prognostic potentials. Both genes and proteins that reveal loss, mutation, or variation in expression between normal prostate and cancerous prostate tissues will be covered in this article. Along with the discovery of prostate cancer biomarkers, we will describe the criteria used when selecting potential biomarkers for further development towards clinical use. In addition, we will address how to appraise and validate candidate markers for prostate cancer and some relevant issues involved in these processes. We will also discuss the new concept of the biomarkers, existing challenges, and perspectives of biomarker development.
Introduction

Epidemiology of prostate cancer
With an estimated 192,280 new cases in 2009, prostate ca n c e r i s o n e o f t h e m o s t c o m m o n l y d i a gnosed malignancies in American men (1) . It is also the second leading cause of cancer death in American m a l e s , e x c e e d e d o n l y b y l u n g c a n c e r . A n e s t i m a t e d 27,360 men will die from prostate cancer in 2009 (1) .
Prostate cancer is a disease of mainly older men. An early observation reports that more than 65% of all prostate cancers are diagnosed in men over the age of 65 (2) . Compared with the occurrences in the White population, the incidence of prostate cancer is app r o x i m a t e l y 6 0 % h i g h e r i n B l a c k m e n , w h i l e n a t i v e Japanese and Chinese populations have a low risk of incidence and mortality (3) . Furthermore, African-American men generally are diagnosed with more advanced stages of prostate cancer and at an earlier a g e ( 4 ) . C o n s e q u e n t l y , m u c h e f f o r t i s b e i n g placed on detecting prostate cancer in an early, curable stage to decrease the rate of mortality from this disease. Along with genetics, social and environmental factors (especially diet and lifestyle) may act as the d e t e r m i n i n g f a c t o r s , w h i c h m a y e x p l a i n w h y s o m e individuals are at higher risk for developing prostate cancer than are others. Nevertheless, in most cases, this disease can be treated effectively and even eradicated when the disease is detected at a very early stage (2).
Biomarkers
T h e N a t i o n a l C a n c e r I n s t i t u t e d e f i n e s a b i omarker as "a biological molecule found in blood, other body fluids, or tissues that is a sign of a normal or abnormal process or of a condition or disease." A biomarker may be objectively measured and evaluated as an indication of normal biologic processes, pathogenic processes, or pharmacologic responses to a particular treatment or condition (5) (6) (7) . Biomarkers are widely used as analytical tools to assess biological parameters for a rapid and comprehensive therapeutic analysis. In addition, biomarker measures can further the development and evaluation of new therapies (8) .
In pilot studies involving therapeutic candidates, biomarkers can be used as criteria for deciding on lead compounds for the third phase of clinical trials ( 8 ) . T h e y a l s o h e l p i n t h e u n d e r s t a n d i n g o f c l i n i c a l pharmacology, and are essential in the planning of clinical trials, which strives to promptly and ultimately assess safety and effectiveness (9, 10) (Table 1 and 2). Biomarkers that represent highly sensitive and specific indicators of disease pathways are often used a s s u b s t i t u t e s f o r o u t c o m e s i n c l i n i c a l t r i a l s w h e r e they can be used to predict and evaluate the clinical risk and/or benefit of a treatment, which is the optimal objective of all therapeutic interventions (11) . Used for a quick assessment of the safety and efficacy of the therapy by using a short-term outcome (biomarker) instead of a long-term primary endpoint.
These systems can also categorize patients based on tumor detection technique and distinguish nonpalpable prostate cancers (those detected during transurethral resection) from palpable ones (those detected by digital rectal examination) (27) . The TNM staging system is based on the extent of the tumor size and grade (T), detection in the lymph nodes (N) , and any other possible metastasis (M) (28) . It corresponds to one of five stages of the traditional staging system (a progression of the cancer from Stage 0 to Stage IV), but it has the advantage of revealing more detail by separating designations for the primary tumor, regional nodes, and distant metastases via more specific alphanumeric subcategories. An added number or letter is used to specify the size or extent of the tumor and the extent of spread (2, 2 7 ) ( T a b l e 3 ) . T h e s t a g i n g s y s t e m i s i m p o r t a n t a n d essential, however insufficient it is by itself. Other significant variables that may contribute to the evaluation include the grade; PSA level; DNA ploidy; nuclear morphometry; and a number of cellular, molecular, genetic, and environmental factors (29) .
Knowledge of the stage of disease facilitates determining how aggressively to treat the disease and how likely the available treatment options will eliminate the disease (2). Although it can be difficult to accurately stage the cancer, incorrect staging can result in improper treatment and substantial decrease in the patient's chance of survival (23) . The results from some common tests like digital rectal examination ( D R E ) , s e r u m P S A t e s t , o r t r a n s r e c t a l u l t r a s o u n d (TRUS) can reveal the probability of the incidence of prostate c a n c e r . A n y p ositive cases from these tests are usually followed by biopsy and histological examination for verification. Several other tests, including X-rays, MRIs, CT scans, and bone scans, can then be used to determine the stage of cancer and to detect any localized cancers outside the prostate (2). Despite the fact that the staging systems can reveal the extent of disease, the test results cannot be used independently to ascertain the stage of the disease, to select the best treatment options, or to envisage outcomes because they are not capable of detecting very small groups of cancer cells (30) . The TNM staging system based primarily on the anatomical extent of disease, which considers the tumor size or depth (T), lymph node spread (N) , and presence or absence of metastases (M). The TNM system is used as a standard for staging and predicting survival, choice of early treatment, and stratification of patients in clinical trials.
SCREENING FOR PROSTATE CANCER
Prostate cancer generally does not present any symptoms until it becomes locally advanced or metastatic disea s e . T h e r e f o r e , i n t h e p a s t , e f f o r t s a t screening and early detection have used all available tools for diagnosis in asymptomatic patients before the presentation of symptoms (14) . The detection and management of prostate cancer is controversial, especially regarding screening and therapy choice after diagnosis. For example, a patient can be diagnosed late in life with a low-grade prostate cancer that may not have any impact on the quality or length of his life, while a younger man with a high-grade lesion can have an advanced disease and die within 5 years because of the disease's aggressive progression. This intriguing observation demonstrates the unusual bio l o g i c a l h e t e r o g e n e i t y o f p r o s t a t e c a n c e r a n d d emands distinctive classification (14) .
Nonetheless, a greater number of patients are now diagnosed at an earlier stage thanks to the advanced tools for prostate cancer diagnosis that has improved considerably in recent years. Just as the screening and early diagnosis techniques for cervical and breast cancer h a v e b e e n s h o w n t o s u c c e s s f u l l y reduce the death rates, respectively, from these cancers, screening for prostate cancer has successfully accomplished the same goal (31). Some of the major techniques used in assessing prostate cancer in its early stage are the DRE, PSA blood test, and TRUS (31, 32) .
DRE is regarded as a basic tool for screening and early detection of prostate cancer and is estimated to have about a 59% overall accuracy (33) . Despite its seemingly poor sensitivity, DRE is a routine method for prostate cancer screening because it often detects cancers missed by other tests (34) . Its main advantage is that it may detect cancer in some men with normal PSA levels and whose tumors are small and well differentiated in most cases (33) . An additional advantage of DRE is that it is a relatively inexpensive procedure that is normally well tolerated, and it can be used to investigate other abnormal conditions of the prostate, such as benign prostatic hyperplasia (BPH) (35) . The main limitation of DRE is that most palpable cancers are not early cancers, and many clinically important cancers are located in regions of the gland that are distant and thus evasive to digital palpation (34) . A population-based case-control study on men who died as a result of prostate cancer reported that DRE screening might have prevented as many as 50 to 7 0 % o f t h e d e a t h s f r o m t h e d i s e a s e ( 3 6 ) . H o w e v e r , controversial results from two other studies revealed that there is no evidence that men who died as a result of prostate cancer were less likely to have received the screening compared to those who survived (37, 38) . Based on studies investigating the sensitivity and specificity of DRE and its role in the early detection of prostate cancer, the majority of experts agree that detection is less likely when using DRE independently a s o p p o s e d t o D R E i n c o m b i n a t i o n w i t h o t h e r p r edictors (39) .
Serum prostate-specific antigenPSA, discovered in 1971, is considered the most important biomarker for detecting, staging, and monitoring cancer of the prostate in its early stage (40) (41) (42) (43) (44) (45) (46) (47) . PSA is a member of the family of human kallikrein proteases with a mol e c u l a r m a s s o f a p p r o x i m a t e l y 3 0 k D a a n d c h y m otryptic-like activity. In serum, PSA is bound primarily by α1-antichymotrypsin (ACT), an endogenous protease inhibitor, and also by another similar inhibitor, α2-microglobulin (A2M). PSA was initially thought to be solely synthesized by epithelial cells of the prostate and thus was used as a biomarker for diagnosing and managing prostate cancer (48) . H o w e v e r , P S A h a s a l s o b e e n f o u n d i n a v a r i e t y o f h u m a n n o r m a l a n d tumor cell lines and in biological fluids synthesized by numerous cells, although mainly by prostatic epithelial cells (46, 49) .
PSA testing was initially used for monitoring prostate cancer patients. After it was commercially introduced, it became extensively used for screening and diagnosing the disease. The noticeable increase in prostate cancer incidence rates in the United States, which started in the late 1980s and peaked in 1992, is believed to be in accordance with the time period when PSA testing was introduced (22) . Like DRE, PSA testing is a relatively inexpensive procedure and has high patient acceptance. The main advantage of PSA testing is its superior sensitivity. The main disadvantage of the test is that it is not very specific because common pathological conditions such as BPH and prostatitis can also cause moderately to conspicuously abnormal test results. These false-positive results may lead to further diagnostic evaluation, increasing costs and use of more invasive procedures. Conversely, efforts to prevent such overdiagnosis that may result from the high number of false-positives may lead to delayed treatment for the aggressive, potentially life-threatening cancers (22) .
In an effort to find ways of improving specificity, s e v e r a l v a r i a t i o n s o n t h e b a s i c P S A t e s t h a v e b e e n proposed. For example, the free PSA ratio, which may be a more specific test, compares the amount of free PSA circulating in the blood (unbound) to the amount attached to other blood proteins (50) . Furthermore, PSA levels are normally elevated in older men relative to younger men regardless of the absence or presence of c ancer. T herefore , a co nt inuou s ri se in P SA lev e l o v e r t i m e f r o m a r e l a t i v e l y l o w level may be more indicative of cancer than a moderately increased PSA t h a t i s s t a g n a n t ( 5 1 ) . H i g h e r P S A v a l u e s h a v e a l s o been observed in African American men with newly diagnosed prostate cancer when compared with n e w l y d i a g n o s e d C a u c a s i a n m e n ( 5 2 ) . S t u d ies have shown that African American men have notably larger cancer volumes even within clinical stage category at diagnosis. Thus, special efforts at screening are necessary to minimize the discrepancy. It may be practical, therefore, to start testing at younger ages in African American men in an effort to detect tumors earlier when they are still confined. Some researchers recommend age-and race-a d j u s t e d P S A v a l u e s f o r detecting cancer, with lower PSA limits for African American men (53) (54) .
Serum PSA value can independently predict a pathological stage. However, the serum PSA level alone may not adequately predict pathological stage because the relationship between pathological stage and serum PSA varies by tumor grade, volume, and site of origin (55) (56) (57) . Nevertheless, comparative studies have demonstrated that PSA and its related testing can increase the detection rate of prostate cancer in men with no symptoms (31, 58) . It has also been shown that the stage distribution of cancers detected through PSA screening was much more favorable than that which occurred in the population without PSA screening.
Serum PSA testing is vital not only in screening and early detection, but it has also been found to be essential in diagnosing localized prostate cancer. PSA testing is now a standard application clinically for s t a g i n g a n d m o n i t o r i n g p r o s t a t e c a n c e r ( 4 6 ) . T h e prevalent acceptance of PSA screening has increased the diagnoses of prostate cancer at an earlier stage and age (59) and has reduced the likelihood by half that a new case will be localized and by 33% that a new case will be metastatic. Furthermore, because PSA screening has become routine, the occurrence of prostate c a n c e r i n m e n o v e r 7 0 y e a r s h a s d e c l i n e d ( 6 0 -62). However, despite a decrease in the incidence of prostate cancer since 1992, an apparent increase in the prevalence has continued (63) . The possible explanations for this may be the combined effects of the continuous rise in the life expectancy of the US population (64) and the inclination toward early detection. Consequently, the prolonged lifespan and increased n u m b e r o f s u r v i v o r s l i v i n g w i t h t h e d i a g n o s i s o f prostate cancer is leading to an increase in the cost of treating the disease (65) .
The most important adverse effect of prostate cancer screening is overdiagnosis and overtreatment (66) . Overdiagnosis refers to detecting prostate cancer through PSA testing that would otherwise not have been diagnosed in the person's lifetime. A randomized study of screening for prostate cancer was initia t e d i n t h e e a r l y 1 9 9 0 s t o a s s e s s t h e o u t c o m e o f screening for PSA on death rates from prostate cancer. The researchers concluded that PSA-based screening reduced the death rate from prostate cancer by 20%, but the screening was associated with an increased risk of overdiagnosis (67) . Previous studies had alr e a d y d e m o n s t r a t e d t h a t r i s k s i n c u r r e d b y e i t h e r screening/diagnosis (68, 69) or resulting treatment (70-76) of prostate cancer were both substantial. Further study revealed that, for every patient who benef i t s f r o m P S A d i a g n o s i s -initiated treatment, 47 patients undergo unnecessary biopsy and other treatments because of false-positive PSA test results (67) . After 7 to 10 years of follow-up, the rate of death from prostate cancer was very low and did not differ significantly between the two groups used in the study. Also, prostate cancer screening offered no reduction in death rate after 7 years and no apparent indication of benefit among 67% of the subjects who completed 10 years of follow-up (67) . Although PSA testing as a reliable biomarker for prostate cancer diagnosis remains controversial today, researchers have reported that overdiagnosis rates are about 29% for Whites and 44% for B l ac ks, s ug gest in g t hat m ost of t he cance r s detected through PSA testing would have been diagnosed in the lifetime of the patient and that PSA screening detects mainly cancers with a high clinical consequence to patients (22) .
The use of PSA for prostate cancer screening has led to a great increase in the number of men undergoing TRUS (77), a procedure in which a probe that sends out high-energy sound waves is inserted into the rectum against the prostate gland to image the e n t i r e g l a n d ( 2 ) . A r e a s o f t h e g l a n d w i t h v a r y i n g morphology frequently produce different images. The advantage of TRUS is its high sensitivity, and, thus, it plays a very important role in early detection. Besides being a screening test, TRUS can also be used to guide needle biopsies of the prostate gland for diagnostic purposes (22) . However, it has poor specificity when used as the sole screening for modality.
Research conducted in the early 1990s revealed that PSA combined with DRE is the most effective screening and early detection modality for prostate cancer (32, (78) (79) (80) (81) . As screenings became more prevalent, a study in the late 1980s concluded that the occurrence of prostate cancer significantly increased and that PSA testing was associated with the acceleration of the overall occurrence of prostate cancer (81) (82) (83) (84) . Research revealed that conducting extensive PSA testing led to a decline in the mortality rate while the rate of incident cases continued to rise (85) (86) (87) . Some s t u d i e s h a v e c a s t d o u b t s o v e r t h e r e l a t i o n s h i p b etween the decline in prostate cancer mortality and the i n c r e a s e o f P S A s c r e e n i n g ( 8 8 -90) . This controversy may be partly result from the fact that PSA is more prostate specific than cancer specific, which leads to a consequent increase in the rate of false-positive results (91) .
Several researchers have proposed that, before PSA testing was available, the decrease in death due t o p r o s t a t e c a n c e r c o u l d h a v e r e s u l t e d f r o m t h e i ncrease in early detection with DRE, as shown by earlier stage at diagnosis and by increasing rates of surgery for localized prostate cancer in the decade prior to the start of widespread PSA testing. Another possible explanation for the decrease in prostate cancer mortality is that the tendency to classify prostate cancer as the underlying cause of death has shifted (92) . Some researchers have argued in the alternative that the survival rates that are specific to the stage of the cancer imply that the swift reduction in mortality followed by a large increase in incidence may be a r e s u l t o f t h e l a r g e a m o u n t o f h i g h -grade prostate cancers detected before metastasis. Consequently, it is reasonable to consider the decrease in the incidence rate of advanced disease as predictive of a subsequent decrease in prostate cancer mortality rates rather than considering the trend in the context of the estimated average lead time gained (85) .
The American Cancer Society National Prostate Cancer Detection Project reported that 5 years following an annual testing by PSA, DRE, and TRUS, 92% of cancers detected were localized to the prostate, compared to 66% in a contemporary national database covering men the same age (93) . Prostate cancer screening appears effective when one considers the population mortality trends related to this disease; p r o s t a t e c a n c e r m o r t a l i t y b e g a n t o d e c l i n e i n t h e United States after several years of steadily growing death rates (94) . Several reports have argued that PSA testing may not to be responsible for reduced mortality observed within the first 10 years following the onset of widespread the testing (95) . Some studies c o m p a r e d t h e e f f i c i e n c y o f P S A t e s t i n g a l one or in combination with DRE and TRUS. As discussed earlier, despite any conclusive evidence showing that screening asymptomatic men and treating those with early stage disease improved survival, serum PSA screening has been generally accepted and still remains as a commonly used diagnostic biomarker for p r o s t a t e c a n c e r ( 9 6 ) . F u r t h e r m o r e , a l t h o u g h o v e rdiagnosis may result from prostate cancer screening, most of the risk occurs in men in whom the cancer would not have been detected if they had not been screened (67).
CRITERIA FOR SELECTING/ IDENTIFYING PROSTATE CANCER BIOMARKERS
Criteria as a biomarker
A biomarker must be shown to correlate with an interested outcome, such as disease progression, recurrence, or survival, if it is to be seen as useful for diagnosing and monitoring a disease. Several analyses with different variables should demonstrate that t h e b i o m a r k e r c o u l d p r e d i c t t h e r e l e v a n t s t a g e o r grade irrespective of the characteristics frequently accessible. For statistical implication to be assessed, t h e s e t e s t s o u g h t t o b e p e r f o r m e d o n a s e t o f c a s e s with adequate ending data and at a sufficient number of incidents. With the help of tissue microarrays, this process is becoming significantly more efficient (97) .
The selection of a biomarker should have a biological or therapeutic basis or, at minimum, the biomarker should indicate a reliable correlation with the presence, characteristics, or aggressiveness of the c a n c e r . A l s o , t h e r e s h o u l d b e a n e v a l u a t i o n o f t h e strength of the marker in relation to the outcome of the disease, which, together with other factors, should be carried out as an independent predictor in a multivariable assay (98) . An ideal biomarker should be quick, consistent, economical, and quantifiable in an accessible biological fluid or clinical sample (e.g., plasma, urine, or prostatic fluid) that is readily interpretable by a clinician (99, 100) ( Fig. 1) . Its expression should be significantly increased (or decreased) in the related disease condition, and no overlap should exist i n t h e l e v e l s o f b i o m a r k e r b e t w e e n h e a l t h y c o n t r o l subjects and untreated patients.
I n t h e g e n e r a l p o p u l a t i o n , t h e l e v e l s o f b i om a r k e r s h o u l d n o t v a r y w i d e l y s o t h a t t h e s e v e r i t y and prognosis of the disease can be predicted based on large deviations of the biomarker from the reference values in the control population (98, 101) . Furthermore, within the general population, the abund a n c e o r a c t i v i t y o f a n i d e a l b i o m a r k e r s h o u l d b e similar in subjects (99) . In this way, it provides a great advantage for clinical diagnosis and monitoring of disease activity. It would also provide a correlation between subjects with a disease and those with other deadly conditions occurring in the context of a part i c u l a r d i s e a s e f o r w h i c h t h e b i o m a r k e r w i l l b e e xamined (98, 99) . One critical factor that determines the selection of a candidate biomarker is the caliber of scientific and clinical results such as (i) linking the gene or protein function to the biology of the disease, (ii) relating the candidate biomarker to the presence of the disease, (iii) variations in stage, (iv) reaction to therapy, and (v) overall survival; all of which will back the possible efficacy of the candidate biomarker.
For prostate cancer biomarkers used in early detection or monitoring of disease, the model candidate should be prostate specific and able to differentiate between normal BPH, prostatic intraepithelial neoplasia, and cancerous prostate tissues (100).
Validation of biomarker
Biomarkers are essential factors in clinical and biological research. Identifying a new candidate biomarker is followed by a thorough operational evaluation to validate its application in the clinical setting (9 9) . B iom a rk ers t hat h av e b een sc ient i f ica ll y scr utinized must pass several proposed practical tests prior to being accepted for clinical practice. Five conceptual phases of biomarker development have been suggested (102-103): (i) preclinical exploratory, (ii) clinical assay and validation, (iii) retrospective longitudinal, (iv) prospective screening, and (v) cancer control.
The first step involves identifying the biomarker and evaluating it for a specific clinical indication. Prior to submitting it for US Food and Drug Administration (FDA) approval, analytical and clinical confirmation must be carried out (Fig. 2) . Alternatively, if the marker is intended solely for research, it may not require FDA approval. After approval by the FDA, the Center for Medicaid and Medicare Services (CMS) m i g h t c o n c l u d e t h a t t h e b i o m a r k e r i s e s s e n t i a l f o r improving patient care (104) . However, a number of challenges are involved in the process, and the majori t y o f c a n d i d a t e m a r k e r s a r e s t i l l i n t h e p r e m a t u r e phases of development. Thus far, clinical studies are usually reflective, and the few promising studies that have been conducted have frequently produced conflicting results (104) . Steps involved in the validation of a biomarker. The initial step involves identifying the biomarker, followed by assessing its relevance to the particular information sought. A diagnostic validation for its clinical use is done, and, if the results are positive, it is submitted to the FDA for approval. If approval is denied, it may go back to the lab to be used in research as an analyte-specific reagent. An approval, on the other hand, p a v e s t h e w a y f o r i t t o go to the Center for Medicaid and Medicare Services (CMS). It may go directly to the CMS and boycott the FDA if it is for research purposes only [104] .
BIOMARKERS FOR THE DIAGNOSIS AND PROGNOSIS OF PROSTATE CANCER
As described earlier, a biomarker is in general an analyte that signifies the presence and/or degree of a biological process, which in itself is frequently directly linked to the clinical expressions and result of a particular disease (99) . Biomarkers have been shown to possess many important applications including use as a diagnostic tool to identify patients with a disease or abnormal condition, a tool for staging disease or classifying the extent of disease, an indicator of disease prognosis, and for predicting and monitoring clinical response to an intervention (105) . Cancer early detection markers indicate the presence of an early cancer or t h a t c a n c e r w i l l o c c u r w i t h n e a r l y 1 0 0 % certainty within a very short time interval. This is in contrast to screening markers (22) . Biomarkers for the diagnosis and prognosis of prostate cancer include DNA-based markers, RNA-based biomarkers, and protein markers (see Fig. 3 
for examples).
A l o t o f t h e b i o m a r k e r s u s e d c u r r e n t l y w e r e discovered unexpectedly while others were detected through the use of basic reasoning with understanding of the fundamental biochemical defect. Biomarkers are used to observe the natural course of the condition and to assess the effectiveness of treatments. Also, they may help in the development of set therapeutic objectives, thereby presenting standards for judging success in the management of chronic diseases (99) . For some time, biomarkers have served as an indicator of the presence of a particular disease and reflected the activity of a given condition either during its natural course or in response to a given therapeutic intervention. In addition, they may be useful for prognostic purposes in the outcome of diseases, with particular attention on the quantitative biomarkers that demonstrate a relationship with the clinical manifestation of the disease and that have an effect on quality of life, risk of complications, or survival. Surrogate biomarkers have a significant function in disease monitoring after accepted treatments are introduced. Surrogates are particularly important for those treatments that are uncommon, such as cases in which the direct study has proved to be very diffic u l t b e c a u s e o f t h e l i m i t e d n u m b e r o f p a t i e n t s a n d varying expression of their primary illness or in which the efficiency of the treatment must justify the high cost (99).
Fig. 3. A general classification of biomarkers based on their description [104].
The management of prostate cancer has undergone several dramatic changes as a result of the evolution of biomarkers used in screening, detecting, and predicting the disease (106, 107) . Human prostatic acid phosphatase (PAP) (or serum acid phosphatase (AP) was reportedly the first serum biomarker for prostate cancer. Gutman and his colleagues observed in the 1930s that patients with prostate cancer metastasized to bone had elevated levels of PAP activity at t h e s i t e o f m e t a s t a s i s a n d h i g h s e r u m l e v e l s o f t h e protein (108) (109) (110) . This finding effectively established the value of serum acid phosphatase activity as an aid in diagnosing metastatic carcinoma of the prostate and consequently as a biomarker for prostate cancer progression and reaction to androgen deprivation therapy of prostate cancer that had metastasized (97, 1 1 0 ) . T h e t o t a l s e r u m A P c o m p r i s e s a m i x t u r e o f phosphatases from most tissues of the body (111) . Men with high preoperative PAP had a greater chance of developing lymph-node-positive disease and metastases than did their counterparts with normal PAP (112) . Posttreatment PAP, as determined by other researchers, could predict outcome when combined with other clinical factors (113) .
Although AP, with an elevated level in more t h a n 7 0 % o f p a t i e n t s ( 1 1 4 ) , w a s l i n k e d e a r l y w i t h prostate cancer that had spread, both AP and prostate-s p e c i f i c A P ( P A P , i t s s u b t y p e ) a r e n o t s e n s i t i v e enough for screening. Patients with localized cancer frequently display normal levels, and neither PAP nor AP show sufficient sensitivity to be used as a reliable biomarker for recurrence or response to systemic therapy. Sudden variations in PAP and AP have been observed, which has led to questioning whether this enzyme is a legitimate biomarker in cancer diagnosis. F u r t h e r m o r e , t h e u s e o f A C P h a s b e e n r e d u c e d b ecause of the development of PSA screening, which is a more sensitive and specific tumor marker (22) .
PSA was later discovered as a biomarker for prostate cancer following the discovery of serum PAP. T h e P S A t e s t w a s f i r s t u s e d i n t h e f i e l d o f f o r e n s i c science as a marker for human semen (41) , and it was first purified in the late 1970s from prostate extracts (43) . Later studies established that PSA could be quantified in serum, and its serum levels were high in m e n w i t h p r o s t a t e c a n c e r ( 4 4 ) . T h e p r o s t a t e g l a n d produces PSA, and the test measures PSA levels in the blood (serum). Because PSA is from the body and can be used in disease detection, it is often referred to as a b i o l o g i c a l m a r k e r o r a t u m o r m a r k e r . B o t h p r o s t a t e cancer and benign prostatic conditions (e.g., BPH) can increase PSA levels from a normally low level to an elevated state in the blood (2). PSA can be present in a free form or complexed with α1-antichymotrypsin or α2-macroglobulin in circulation (115) . Patients with c a n c e r c a n b e d i s t i n g u i s h e d f r o m t h o s e w i t h B P H based on the percentage of free to total PSA in the serum. For those with an elevated level of PSA, particularly with a PSA range between 4 and 10 ng/ml, patients are more likely to have prostate cancer when the free PSA is less than 20-25% of the total serum PSA level. ProPSA, the precursor form of PSA, may serve as an additional indicator in differentiating cancers from benign processes (22) . Moreover, in a group of patients examined with PSA levels between 2.5 and 4 ng/ml, the ratio of proPSA to free PSA showed more specificity in detecting cancers when compared to the detection rate by free PSA alone (116) .
Serum PSA was initially used for screening men with an existing diagnosis of prostate cancer (117) and was regarded as an ideal marker for identifying recurring disease subsequent to treatment. The fact that levels of serum PSA remained undetectable demonstrated the absence of recurrent disease among men who underwent radical prostatectomy (118) . PSA gradually replaced serum PAP, which was considered inferior to PSA, for prostate cancer screening, staging, a n d p r o g n o s t i c a t i o n ( 1 1 9 ) . H o w e v e r , P A P i s o n c e again attracting some attention because of the fact that several studies have shown that it is a good prognostic marker for patients with aggressive disease who went through local therapy and are at high risk for distant relapse (120) . However, PAP has no role as a diagnostic screening tool (22) .
In 1994, PSA was officially approved for prostate cancer screening by the FDA, and 4.0 ng/ml was set as the upper limit of normal range (see time line in Fig. 4) . Following its prevalent use for identifying the incidence of prostate cancer, PSA became, and is still, the most frequent method of detecting
but also for drawing a parallel between its levels at diagnosis and more advanced stages (122) . 
e t a l . , prostate cancer has been detected in about 15% of men with normal or very low levels of total PSA, thereby making it difficult to reliably rule out the possibility of cancer at any PSA level (124) . This has resulted in a call for reevaluating the approach to diagnose prostate cancer and a search for new prostate cancer biomarkers (46, (124) (125) (126) (127) .
CANDIDATE MARKERS FOR PROSTATE CANCER
One of the established objectives of cancer research is to identify the molecular mechanisms that dictate the initiation and progression of the disease and then to ascertain those molecular markers associated with the cancer to target cancer cells with specifically designed drugs. Like all respective biomarkers correlated to their respective cancers, prostate biomarkers exhibit some or all of these abilities: detect the presence of prostate cancer, monitor and relay its progression, prognosticate the possibility of a recurrence, predict the response to therapy, and foresee whether the patient will be disease-free and survive. C l i n i c i a n s r e l y o n b i o m a r k e r s t o d e t e c t c a n c e r a t premature stages or prior to tumor metastasis, when the efficacy of therapeutic drugs is greater.
The need for effective prostate cancer biomarkers is therefore urgent and great, and the search for them has been a priority of researchers for years. In the last decade, PSA has been widely used as a useful
k e r s w i t h g r e a t p o t e ntial, and they are currently undergoing further investigation for validation. Although the existing method of discovery usually identifies several candidate markers in each investigation, only a few of them ever make it through clinical validation.
We will discuss and list (Table 4 ) some of the biomarkers that have a substantial amount of supportive data that are biologically and clinically persuasive for them to be further developed and other potential candidates still being investigated. A few of the recent candidates that have generated some excitement for their potential as biomarkers for prostate cancer are also discussed. Needless to say, this list is b y n o m e a n s e x h a u s t i v e , a n d i t w i l l k e e p g r o w i n g with the help of the advance of newer/better technologies in molecular analysis. 
α-Methylacyl Coenzyme A Racemase (AMACR)
AMACR is an enzyme localized to the peroxisome and involved in fat metabolism and has been i d e n t i f i e d t o f u n c t i o n a s a g r o w t h p r o m o t e r , i n d ependent of androgens, in prostate cancer (128, 129) . By using various experimental methods and different prostate cancer specimens, the AMACR gene has been shown to be overexpressed in prostate cancer tissue at the mRNA and protein levels and making it a highly specific tissue biomarker currently used to aid in the pathological diagnosis (130) (131) (132) .
AMACR has been reported to be involved in the crucial role in peroxisomal β−oxidation of branched chain fatty acid molecules (133) . When prostate cancer tissues were compared with normal controls, a 9-fold increase in mRNA levels of AMACR was discovered in 88% of the sample prostate cancer tissues (134) . This finding has prompted other researchers to propose the possibility of analyzing the levels of AMACR from urine to detect prostate cancer (134) . Another potential use of AMACR includes analyzing and interpreting specimens of prostate needle biopsy (and results) that are usually diagnostically challenging (131) . Immunodetectable serum autoantibodies generated in response to the AMACR tumor-associated antigen may also be useful in preliminary diagnosis, especially if combined with PSA screening. A considerably more enhanced sensitivity and specificity in prostate cancer patients with mid-range PSA levels have been observed with AMACR antibodies than that with PSA. This demonstrates that AMACR can be useful in discriminating control subjects from those with prostate cancer (135) .
S o m e o f t h e l i m i t a t i o n s o f A M A C R a s a b i om a r k e r i n c l u d e t h e p o s s i b i l i t y o f h u m o r a l r e s p o n s e
and production of endogenous AMACR antibody as a result of certain cancers other than prostate in patients suffering from autoimmune diseases (97) . In addition, AMACR levels have also been observed to be commonly increased in patients with other urological disorders like BPH. However, the diagnostic capability for characterizing organ-confined and metastatic prostate cancer was increased by adding the AMACR t e s t t o s e r u m P S A t e s t i n g ( 1 3 6 ) . T h e r e f o r e , a n e w promising and noninvasive screening test for prostate cancer is to use quantitative reverse transcriptase polymerase chain reaction (RT-PCR) to identify the ratio of AMACR-to-PSA transcript (129) . Nevertheless, f u r t h e r t e s t i n g i s u n d e r w a y t o a s s e s s a n d p o s s i b l y validate the prospective use of this serum biomarker.
Glutathione S-transferase P1 (GSTP1)
Glutathione S-transferase π is an example of a biomarker that has been extensively studied in prostate cancer, primarily as a tissue marker. GSTs are a ubiquitous family of multifunctional enzymes that conjugate reactive substrates with reduced glutathione (GSH) and are involved in detoxification (137, 138) . Their role in protecting the cells from oxidative attack (137) , and thereby being upregulated in the presence of free radicals, makes them a prime candidate for consideration as a cancer biomarker. The GSTP1 gene has been observed to be unmethylated in all normal human tissues and BPH, but hypermethylated in specimens of prostate cancer tissues (138, 139) . Hypermethylation of the GSTP1 promoter is a common change that occurs during carcinogenesis and is regarded to be a main characteristic of prostate carcinogenesis (140) .
GSTP1 has been shown to be acutely sensitive in detecting the presence of prostatic intraepithelial neoplasia and prostrate cancer, thereby distinguishing patients with these diseases from patients with BPH (138, (141) (142) (143) (144) (145) . Moreover, the increased hypermethylation of the GSTP1 gene in neoplastic events can consistently distinguish between prostate cancer and BPH (146) . With the help of PCR, the methylated GSTP1 gene has also been detected in the urine of men who have undergone prostate biopsy. This implies the possible additional use of this biomarker in risk-stratification of men undergoing prostate biopsy (147) .
GSTPI displays several good characteristics that make it a viable biomarker. For instance, it is highly prevalent in the disease condition, and clinicians are able to measure quantitatively the methylation status o f t h e g e n e i n b i o p s y / p r o s t a t e c t o m y t i s s u e s a n d i n cells isolated from serum, urine, and seminal plasma (148) . If it is successfully validated, GSTP1 methylation testing of cells derived from samples of serum and urine may possess a significant clinical potential for early detection of prostate cancer and posttreatment monitoring of the disease.
Chromogranin A (CGA, GRN-A)
Chromogranin A (CGA or GRN-A), part of the granin family of proteins, is an acidic protein that has been identified in all neuroendocrine cell types stud i e d a n d i s p r o d u c e d i n l a r g e r a m o u n t s t h a n o t h e r s e c r e t e d p r o t e i n s b y t h o s e c e l l s . A l s o k n o w n a s s ecretory protein I, it is encoded by the CHGA gene in humans (149-1 5 1 ) . T h e g r o w t h o f p r o s t a t e c e l l s h a s been found to be regulated by peptides derived from GRN-A (138). Because it is produced and secreted by prostate cells, GRN-A has been examined for its diagnostic and prognostic values as a biomarker for prostate cancer (152) . However, limited evidence to this point supports its usefulness beyond traditional methods of screening (152, 153) . Based on past studies, GRN-A can be used to monitor the success of c a n c e r t r e a t m e n t . I t c a n a l s o b e u s e d t o predict the o u t c o m e o f t h e d i s e a s e a n d p r o g n o s e s t h a t a r e a ndrogen independent. These predictions would be prior to any indication of PSA progression and would show increased levels of GRN-A correlated with undesirable results and diminished overall survival (151, (154) (155) (156) (157) . Therefore, GRN-A may be very useful as a prognostic factor in patients with advanced prostate cancer (153) .
Interestingly, some variations in measurements of GRN-A have been reported between two assays commercially available for discerning BPH from prostate cancer (158) . Some discrepancies observed in the measurements result from the fact that the characterization of most prostate cancer by neuroendocrine cells is a temporary and reversible process; the neuroendocrine markers may frequently be undetectable, and, therefore, a subset of the neuroendocrine cells may not possess any differentiation (159) .
Although an accurate distinction cannot be made between prostate cancer and BPH based on the levels o f s e r u m G R N -A, these levels do reflect the tumor stage and grade and may efficiently indicate a poor prognosis following endocrine therapy when combined with free or total PSA ratio (153, 155, (160) (161) (162) .
One noted weakness of using GRN-A as a biom a r k e r i s t h e f a c t t h a t n e u r o e n d o c r i n e c e l l s d o not reside in all prostate tumors. Another weakness is its inability to detect the disease at a very early stage, as reported by one group (153) . On the other hand, based on the expression of GRN-A in prostate cancer anal y z e d b y s e r u m i m m u n o a s s a y a n d t i s sue immunohistology procedures, it was concluded that GRN-A has clinical potential as a biomarker for early, progressive, and recurrent prostate cancer (163) . Therefore, more research is needed to clearly define the clinical value of GRN-A as a serum and tumor marker for prostate cancer.
Prostate-specific Membrane Antigen (PSMA)
PSMA is a cell surface membrane that was discovered in 1987 and has been well characterized as a d i a g n o s t i c a n d p r o g n o s t i c m a r k e r . I t i s a t y p e I I integral membrane protein that exhibits numerous enzymatic activities (40, 164) . Although insufficient data exist regarding its biological role, PSMA has been seen to translocate to the plasma membrane in prostate cancer cells, whereas it is located in the cytosol in normal prostate cells (165) . PSMA has been detected in prostate tissues, circulating prostate cancer cells, and serum. Its levels may correspond with poor clinical outcome; PSMA levels are higher in primary p r o s t a t e c a n c e r a n d m e t a s t a t i c d i s e a s e , w i t h m o r e than 90% of the protein prevalent in the disease (166) . The serum levels of PSMA increase with age and are considerably higher in men above 50 years of age (79) . However, no concrete evidence has shown a relationship between high levels of serum PSMA and the aggressive disposition of the disease, while some have observed a decrease in advanced cases of the disease (167) . In an attempt to better measure the levels of circulating PSMA, a study revealed that serum levels of PSMA in prostate cancer patients vary significantly when compared to those of healthy men and those with BPH (167) . PSMA appears to be upregulated in patients with prostate cancer subsequent to hormone deprivation therapy (32) , which further reveals that t h e l e v e l s o f P S M A i n m e n w i t h p r o s t a t e c a n c e r i s considerably higher than in those with BPH or those free of disease. Several gene therapy strategies have also used the PSMA gene promoter to transcriptionally regulate the cytotoxic genes/agents in prostate cancer cells (167) . However, the prostate specificity of PSMA as a gene therapy target is limited, but it has lately been used as a target for immunotherapy (168) .
One of the shortcomings in using PSMA as a serum marker is that high levels have been noticed in patients with incident case of prostate cancer and in the serum of breast cancer patients. This could make it difficult in some cases to accurately diagnose men with prostate cancer (44, 169) . Another shortcoming is that the levels of serum PSMA increase with advancing age, which could result in some conflicting results if diagnosis is sought at that period in life (which is usually the case). More sufficient data is required to determine whether this biomarker can be validated clinically for use in prostate cancer detection, monitoring of treatment, or as an actual means of treatment (170) .
Prostate Stem Cell Antigen (PSCA)
Prostate stem cell antigen is a membrane glycoprotein predominantly expressed in the prostate. Al-though the expression of PSCA has been revealed to be upregulated in the majority of prostate cancers, its biological role in prostate cancer is uncertain (159) . Studies have implicated PSCA in certain stem cell functions like androgen-independent progression, metastasis, or signal transduction in many prostate cancer cells (169, (171) (172) (173) . PSCA expression is associated with Gleason score, seminal vesicle invasion, and capsular invasion in prostate cancer; hence, it has potential as a therapeutic target. A correlation was detected between the increase levels of PSCA expression in most prostate cancers and higher Gleason grade and more advanced tumor stage (171) . A function for PSCA in prostate cancer progression is proposed from the observation that it is jointly amplified with c-myc (an oncogene and factor in tumor progression) in locally advanced prostate cancers (159, 160) . When the mRNA of other circulating prostate m a r k e r s l i k e P S A a n d P S M A w e r e c o m p a r e d w i t h that of PSCA, researchers observed that, although PSCA displayed inferior sensitivity and considerable inability to distinguish between malignant and benign disease, its disease specificity and independent predictive value were the highest (174).
Using human xenografts grown in SCID mice, researchers showed that anti-PSCA monoclonal antibodies inhibited tumor growth and metastasis formation (175), making PSCA potentially available for treating prostate cancer therapeutically using immunotherapeutic procedures (175) (176) (177) . Despite the research revelations about PSCA and its potential, there are still no definitive conclusions regarding its being a serum marker. Factors that mitigate against PSCA as a candidate for further development include an inadequate number of published studies supporting PSCA as a valuable clinical biomarker and the lack of better measuring techniques (97) . Therefore, the value of PSCA as a therapeutic target and the existing related data must await more studies to further evaluate and determine its effectiveness as a clinical prostate cancer marker.
Early Prostate Cancer Antigen (EPCA)
Early prostate cancer antigen, originally discovered in 1991 in rat prostate tissue (178) , is a nuclear m a t r i x p r o t e i n l i n k e d w i t h t h e n u c l e a r t r a n s f o r m ations that occur in early prostate cancer development ( 1 7 9 ) . T h e s e p r o t e i n s a r e v i t a l c o m p o n e n t s o f t h e nuclear matrix, a structure shown to dictate the shape and organization of the nucleus and reflect patterns of chromatin transcription. The correlation between variations in the nuclear matrix and the nuclear pleiomorphism displayed in prostate cancer was first described by Getzenberg et al. (178) . Following that, EPCA was found in prostate cancer precursor lesions, specifically in prostatic intraepithelial neoplasia and proliferative inflammatory atrophy, as well as prost a t e c a n c e r t i s s u e ( 1 8 0 ) . A l s o , t h e p r o t e i n h a s b e e n identified in men with a preliminary negative biopsy but but who later developed the cancer (180, 181) . The study of Uetsuki et al. provided further evidence that EPCA can be linked with early carcinogenesis as no relationship could be found between EPCA and disease stage or Gleason score after radical prostatectomy (179) (182) . Although EPCA appears not to be present in patients devoid of prostate cancer, it has been detected in surroundings free of, but adjacent to, the cancer (180) (183) (184) (185) (186) (187) (188) . Ki-67 expression, as a marker of proliferation index, has been shown to be an independent predictor of recurrence and tumor-specific survival (93, 189) . RT-PCR has shown some promise as a sensitive biomarker in identifying micrometastases in nonprostatic sites, such as PSAand/or PSMA-positive lymph nodes, which are not d e t e c t a b l e b y c o n v e n t i o n a l p a t h o l o g y ( 1 9 0 ) . T h e e xpressions of Bcl-2 and p53 have been extensively examined as prognostic markers in prostate tissue, and these markers may aid in predicting the response of localized prostate cancer to radiotherapy. However, their utility in predicting a pathologic stage has yet to be established (191, 192) . Finally, serum immunoassay f o r h K 2 b i o m a r k e r ( a P S A -related protein, Table 4 ) combined wi t h P S A t e s t i n g p r o v i d e s i m p r o v e d d i scrimination among men who had total PSA levels in the 4 to 10 ng/ml range and between men with benign prostate disease and those with prostate cancer (193, 1 9 4 ) . S o m e s t u d i e s h a v e i n d i c a t e d t h a t s e r u m h K 2 levels aid in predicting prostate-confined disease in the staging preceding a surgical operation (194, 195) .
B7-H3
B7-H3 is the first immune molecule that possibly participates in the development of prostate cancer and in predicting the recurrence and progression of cancer. B7-H3, first identified in 2001, is a member of the B7 family, a group of proteins that are important ligands interacting with known and unknown recep-tors to regulate the activation and function of T lymphocytes. B7 (or B7-H3) protein is believed to function as an accessory co-regulator of T cell responses subsequent to initial antigen priming (196, 197) . B7 co-regulatory ligands can be abnormally expressed in human disease and may act as antigen-specific inhibitors of T-cell-mediated antitumoral immunity in cancer conditions (198) . The B7-H family protein, including B7-H3 and B7-H1, can both arrest cancer growth and shield cancers from the immune system by paralyzing immune cells (199) . Thereby this ligand exhibits both an immune stimulatory and inhibitory role in cancer growth.
Numerous normal tissues, except for dormant peripheral blood monocytes, express B7-H3 mRNA (196, 200) . B7-H3 protein expression has been detected in placenta (201) , and its expression can be stimulated in activated dendritic c e l l s , m o n o c y t e s , a n d T c e l l s (202) . B7-H3 is also expressed in numerous tumor cell lines, and the expression of B7-H3 in carcinomas of the kidney and bladder correlates with aggressive disease and significantly shortened survival time in patients. The expression of these proteins in prostate cancer has been linked to the spread of the disease and negative outcome (203) (204) (205) . In contrast to PSA, B7-H3 remains bound to the surface of normal prostate cells, as well as of premalignant and cancerous prostate cells that show no apparent indication of migration (metastatic ability), thus making it an attractive therapeutic target and marker. This would be an especially promising target for antihormone therapy, which is the most frequent means of therapeutic treatment for advanced prostate cancer (203) . Because B7-H 3 i s p r e s e n t i n a l l p r o s t a t e c a n c e r t u m o r s a n d marked levels predict recurrence, researchers exa m i n e d d i s e a s e d t i s s u e f r o m 3 3 8 p a t i e n t s w h o h a d clinically localized prostate cancer and were treated exclusively with radical prostatectomy between 1995 and 1998. They were able to predict with better accuracy the likelihood of cancer progression in spite of therapeutic intervention (203) . This study revealed a link between a rising level of B7-H3 in prostate cancer and adverse clinicopathologic features of the disease. Therefore, B7-H3 may have the potential to independently predict prostate cancer progression and may b e u s e d a s a d i a g n o s t i c a n d p r o g n o s t i c m a r k e r t o evaluate patients' disease status and their immunotherapeutic responses (203, 205) .
More research is necessary, however, to understand how the immune system is affected by B7-H3. For example, it would be useful to know whether anti-immune activity results from a mutation of B7-H3, which may be the mechanism by which B7-H3 promotes cancer growth. This information is critical and will help to establish the effectiveness of B7-H3 as a clinical marker of disease and target for therapy.
Sarcosine
Sarcosine, an N-methyl derivative of glycine, is a natural amino acid found in muscles and other body tissues. It is classified under the group collectively known as metabolites (a group of chemical products present throughout the body) (206) . In 2009, Sreekum a r e t a l . r e p o r t e d t h a t s a r c o s i n e s t i m u l a t e s m a l i gnant growth of benign prostate cancer cells and can be used as an indicator of the malignancy of prostate cancer cells when detected in urine (207) . Following the screening of urine, blood, and tissues, and profiling more than 1,126 metabolites related to prostate cancer, the researchers were able to differentiate between benign prostate, clinically localized prostate cancer, and metastatic disease based on the levels of sarcosine. The levels of sarcosine were high in invasive prostate cancer cell lines compared to benign prostate epithelial cells (207) . Furthermore, it was observed that prostate cancer invasion was weakened when glycine-N-methyltransferase, the enzyme that catalyzes the production of sarcosine from glycine, was knocked down, whereas either knocking down the enzyme responsible for sarcosine degradation or adding exogenous sarcosine stimulated an invasive phenotype in BPH cells. These results together suggest that sarcosine may be a vital metabolic intermediary that promotes prostate cancer cells toward invasion and aggressiveness (208) .
T h e u l t i m a t e g o a l o f d i a g n o s i s i s t o d e t e c t a ggressive-type prostate cancers at their premature stage. This, nevertheless, may not be possible very soon. Among the conflicting scientific points of view on whether sarcosine is a better diagnostic biomarker than PSA for detecting aggressive prostate cancer is that several researchers have been criticized for their possible investment interests in promoting sarcosine toward commercialization. Moreover, further investigations are still needed on the metabolites in many patients who are followed long-term (to see how they correlated with those who developed different forms of prostate cancer).
Caveolin-1
Caveolin-1 (Cav-1), an integral membrane protein expressed in two isoforms (caveolin-1α and caveolin-1β), is a main component of caveolae membranes in vivo (209) . It has been implicated in regulating several signaling pathways and mediating intracellular processes, specifically as a negative regulator in several mitogenic pathways (210) and in oncogenesis (211) . It has been proposed that Cav-1 may par-ticipate in certain steps of carcinogenesis in various types of cancer and is expressed in one-third of invasive breast cancers (212) . Cav-1 seems to function as a tumor suppres s o r p r o t e i n a t e a r l y s t a g e s o f c a n c e r progression. However, Cav-1 i s a l s o f o u n d t o b e u p r e g u l a t e d i n s e v e r a l m e t a s t a t i c a n d m u l t idrug-resistant cancer cell lines, as well as in some human tumor specimens (213) .
Cav-1 is secreted by prostate cancer cells. Early and recent studies have shown that this secreted protein can promote cell survival and angiogenic activities (214) (215) (216) . Cav-1 has been reported to be overexpressed in prostate cancer cells and is associated with the progression of the disease (217-218).
S t u d i e s o f p r o s t a t e t i s s u e f r o m m e n w i t h o n l y localized prostate cancer indicate a significant decrease in levels of Cav-1. It was also discovered that the protein was absent in tumor tissue from men with metastatic prostate cancer, and the reduced levels of Cav-1 were associated with a high Gleason score (220) .
Research conducted on stromal Cav-1 expression in patients with BPH, primary prostate cancers, and prostate cancer metastases revealed that almost all BPH samples showed an abundant stromal Cav-1 immunostaining, while a subset of samples with primary prostate cancer had significantly decreased lev e l s o f s t r o m a l C a v -1. All metastatic tumors (either from lymph node or bone) lacked stromal Cav-1 staining (221) . The concentration of preoperative serum Cav-1 showed prognostic potential in patients undergoing radical prostatectomy (220) . Therefore, Cav-1 expression may be a useful prognostic marker for prostate cancer (220, 222) .
Serum calcium
Prostate cancer cells express calcium-sensing, G-protein-coupled receptor, which can be activated by extracellular calcium (223) . These cells also express calcium-dependent potassium channels that regulate their proliferation by controlling the entry of calcium i n t o t h e c e l l s ( 2 2 4 ) . A n a s s o c i a t i o n h a s b e e n n o t e d between high levels of total calcium in serum and the risk of fatal prostate cancer, which is to the result of a decrease in apoptosis and an increase in proliferation, which promote the growth and metastasis of prostate cancer cells (225) . Researchers postulated that an increase in serum calcium or any factor that leads to it ( s u c h a s h i g h s e r u m p a r a t h y r o i d h o r m o n e ) w o u l d increase the possibility for terminal prostate cancer. An investigation by an independent group confirmed this association and suggested that serum calcium is a promising prospective biomarker for screening for fatal prostate cancer (225) (226) (227) .
Hypermethylation of PDLIM4 gene
Hypermethylation of the PDLIM4 gene has been shown to be a sensitive molecular tool in detecting prostate tumorigenesis (228) . PDLIM4 mRNA and protein expression levels were also reduced in LNCaP, LAPC4, DU145, CWR22, and PC3 prostate cancer cells and may function as a tumor suppressor by associating with actin in prostate cancer cells, thereby controlling cell proliferation (229) . These findings support the potential use of hypermethylated PDLIM4 as a biomarker to predict the biochemical, local, and systemic recurrence of prostate cancer.
PCA3/DD3
The prostate cancer antigen 3 (PCA3 or DD3) gene encodes a prostate-specific mRNA that is overexpressed in cancer prostate tissue (230, 231) . A measure of the quantity of PCA3 RNA copies in urine samples that are enriched with prostate cells can provide an insight into the aggressiveness of the prostate cancer (232) and predict the outcome of prostate biopsies while avoiding the need for repeated testing (233) (234) (235) . Furthermore, the predictive value of PCA3 has been addressed in some clinical studies, either by u r i n e t e s t t h a t i s p e r f o r m e d p r i o r t o r a d i c a l p r o s t atectomy or by extracapsular extension prior to a DRE exam (236, 237) . Consequently, several published studies have supported the usefulness of PCA3 as a b i o m a r k e r i n t h e d i a g n o s i s o f p r o s t a t e c a n c e r s t a g e and grading (231) (232) (233) (234) (235) (239) (240) (241) (242) (243) (244) . Although PCA3 has a lower sensitivity than does PSA, it has a higher specificity (233) (234) (235) , especially in certain cases where PSA tests fail to accurately predict disease (245, 246) . Adding PCA3 to serum PSA detection contributes to the precise prediction of prostate cancer; in a clinical set t i n g , P C A 3 m a y b e u s e d t o c l a s s i f y p a t i e n t s a ccording to their risks for biopsy and cancer detection (238, (245) (246) . Similarly, combining urinary alpha-methylacyl-CoA racemase (AMACR) and PCA3 as a dual marker test improved sensitivity and accuracy (247) . A recent study reported an upregulation of two new PCA3 isoforms in prostate cancer tissues; this will enhance the diagnostic ability to distinguish between prostate cancer and BPH (248) .
TMPRSS2-ERG Gene Fusion Rearrangement
Transmembrane protease serine 2, also known as TMPRSS2, is an androgen-regulated, type II transmembrane-bound serine protease that is locally expressed in the prostate and overexpressed in neoplastic prostate epithelium. TMPRSS2 was thought to play a possible role in prostate tumor metastasis through the activation of protease-activated receptor-2 (PAR-2) (249) . An extensive study focusing on gene fusion transcripts in prostate cancer identified the fusion between TMPRSS2 (located at 21q22.3) with the transcription factor genes ERG (21q22.2) and ETV1 (7p21.1) (250, 251) . One TMPRSS2 allele loses its promoter, and one of the ERG alleles gains it, resulting in an overexpression of ETS family members) in the cancer cells (252) and consequently tumor progression (253) . T h e g e n e f u s i o n r e a r r angements between TMPRSS2 and ERG or ETV1 have been reported in several cancers, particularly in hematological malignancies (254) . TMPRSS2-E R G i s t h e m o s t frequent oncogenic gene fusion rearrangement in prostate cancer (251) : It has been observed in almost half of prostate cancer patients and detected in about one-quarter of patients with prostatic intraepithelial neoplasia (PIN) (255) .
This TMPRSS2-ERG fusion is usually found in prostate cancer tissue from men undergoing prostatectomy, and especially among men in North America with prostate cancer on biopsy; however, it is not present in benign prostate biopsy. The TMPRSS2-ERG fusion can be detected in the urine after DRE with a 37% sensitivity and a 93% specificity (256) . The addition of TMPRSS2-ERG detection also increased the sensit iv it y o f t he u rine P C A3 t e st fro m 6 2% t o 7 3 % (256) and a greater prediction of positive tumors with a higher Gleason score (257) . The results suggest that surveillance of these fusion gene transcripts improves the sensitivity of the PCA3 detection in urine samples: The combination of TMPRSS2-ERG detection with PCA3 can be very useful in accurately predicting prostate cancer development during screening (252, 258) .
Exosomes
Exosomes are nanometer-sized vesicles secreted by a broad range of normal and neoplastic cell types ( 2 5 9 ) . T h e y c o n t a i n b o t h f u n c t i o n a l m R N A a n d m icroRNA, called exosomal shuttle RNA (esRNA) that are often transported from cell to cell where they can continue to be functional (260) . Exosmes are constituents of urine, with a degree of variability in urine specimens. Because they often carry genetic components that come directly from tumors, such vesicles m a y b e a u s e f u l n o n i n v a s i v e s o u r c e o f m a r k e r s i n renal diseases (251) , including cancer of the prostate.
A recent study reported the presence of PCA3 and TMPRSS2-ERG fusion, two known prostate cancer biomarkers, in exosomes from urine samples of prostate cancer patients (261, 262) . A second study reported the presence of the gene fusion TMPRSS2-E R G p r o d u c t i n i solated exosomes in the serum from mice grafted with human PCA xenografts (263) , which could shed more light on the genetics of the particular tumor and provide clinically valuable data. Although the presence of exosomes in urine samples varies in concentration, making it difficult to assess, its presence and quantification may be a potential noninvasive source of tumor markers that could be used to diagnose and monitor the status of prostate cancer.
Ki-67
Ki-67, a cell-proliferation associated marker and probably the only protein with an expression pattern under a level of cell cycle regulation (255, 264) , has b e e n d e s c r i b e d a s o n e o f t h e m o s t p r o m i s i n g b i omarkers of prostate cancer. Ki-67 has been suggested as a prolific predictive biomarker for men who have low-grade, low-stage prostate cancer for their PSA relapse after radical prostatectomy (265) . In a 6-year study involving 808 patients diagnosed with prostate cancer, an immunohistochemical assessment of Ki-67 e x p r e s s i o n w a s e v a l u a t e d f o r i t s r e l a t i o n s hip to the s p e c i f i c i t y o f t h e c a n c e r a n d o v e r a l l s u r v i v a l . C o mpared to information from the Gleason score and PSA, Ki-67 provided additional prognostic information (266, 267) . In another study of a group of men treated with radiotherapy and androgen deprivation for prostate cancer, Ki-67 expression levels in conjunction w i t h M D M 2 w e r e f o u n d t o b e c o r r e l a t e d t o d i s t a n t metastasis and survivability (268) . Nevertheless, further studies will be needed to validate these results and explore the possibility of combining Ki-67 with existing prognostic tools as a powerful biomarker for localized prostate cancer (269).
GOLPH2
Golgi phosphoprotein 2, or GOLPH2, is a gene t h a t c o d e s f o r t y p e I I G o l g i m e m b r a n e a n t i g e n G O L P H 2 / G P 7 3 . I t i s u s u a l l y e x p r e s s e d i n v a r i o u s epithelial cells and reported to be frequently overexpressed in cancer of the prostate, although its function is currently unknown (270) . A study has observed a higher level of GOLPH2 and MYO6 (myosin VI) in the Golgi apparatus in prostate cancer cells compared to normal Golgi, thereby indicating that GOLPH2 can be used as a biomarker in distinguishing between normal cells and cancer cells (271) .
A recent study, which explored the expression o f s o m e p o t e n t i a l p r o s t a t e c a n c e r b i o m a r k e r s , r evealed that an increase in the levels of GOLPH2 (as with some of the other biomarkers assayed), was not only a critical indicators of prostate cancer but performed better than PSA or PCA3 alone in revealing it (272) .
A c o m p a r a t i v e s t u d y o f G O L P H 2 p r o t e i n , t h e basal cell marker p63, and AMACR in benign and malignant prostate lesions revealed that GOLPH2 expression was considerably higher in prostate cancer tissues compared with normal tissues, and in about 9 0 % o f t h e c a s e s s t u d i e d , G O L P H 2 p r o t e i n w a s upregulated. Furthermore, this upregulation was noticed in about 85% of prostate cancer cases that were negative for AMACR (273) .
DAB2IP
DAB2 interacting protein (DAB2IP) is a Ras GTPase-activating protein that functions as a tumor suppressor. The human DAB2IP gene is located on chromosome 9q33.1-q33.3 (274) and is frequently obs e r v e d t o b e d o w n r e g u l a t e d i n p r o s t a t e c a n c e r c e l l lines (275, 276) . Studies have shown that loss of expression of DAB2IP may be a result of altered epigenetic regulations, for example DNA methylation and histone modification (277) . The abnormal methylation in the promoter region of the DAB2IP gene has been reported to be responsible for transcriptional silencing and consequently performs a significant function in the progression of prostate cancer (278) . Duggan et al. in their 2007 study reported a link between a genetic variation in DAB2IP and the risk of aggressive prostate cancer (279) . This research indicates that DAB2IP protein, after further studies, can potentially be used as a very effective novel biomarker for prostate cancer diagnosis.
FUTURE CHALLENGES AND PERSPECTIVES
The increasing importance of biomarkers in screening for prostate cancer to reduce invasive follow-up procedures is reflected proportionally in the rapidly increasing number of research publications in this field. The application of biomarkers to prostate cancer is at the forefront of the research field because of the distinctive relationship between the genomic changes in the cancer cells and the disease progress.
The technolog y u s e d i n t h e e f f o r t t o d i s c o v e r ideal biomarkers has advanced significantly, making it easier to study many potential biomarkers in a single trial. While several biomarkers have displayed some potential in early-p h a s e s t u d i e s , n o n e s o f a r appears likely to possess the appropriate level of sensitivity and specificity in terms of determining the choice and course of therapeutic treatment for prostate cancer (98) . This may explain why only a small number of biomarkers are routinely validated for use in drug development or qualified for clinical applications, despite the apparent progress in this research field. Despite some advancement, several limitations still exist with the current technology that hinders the discovery and development of new biomarkers for all forms of cancer including prostate cancer. Some of these impediments may be overcome through the development of new technologies and improved strategies. For example, one strategy proposed would pair the diagnostic test with the therapeutic agent (6). Another strategy calls for more attention on studies that can generate quantified biomarkers related to cell-s i g n a l i n g p a t h w a y s , a s t h e s e b i o m a r k e r s c a n b e applied across a wide range of tumor types and diseases, as well as in different tests and drugs (10, 12) .
Because of the fact that the entire process from identifying to validating a reliable biomarker is expensive and long, concerns have been raised over the profit-making incentives to develop novel biomarkers. An expensive search in the long run would result in a high cost for any reliable test developed in the future, adding even more cost to the already high cost o f d r u g d e v e l o p m e n t ( 1 2 ) . C o n s e q u e n t l y , p h a r m aceutical companies may gradually become reluctant to invest in diagnostic development in the earlier phases of testing because of the uncertainty of validation and approval by the FDA, without which there will be no financial return on all of their investment.
A critical point that has been reiterated is the fact that an ideal biomarker has to show a high level of specificity and sensitivity to prevent false-positive screening tests, which will create anxiety in patients and lead to more expensive and invasive testing. Thus far, studies, although inconclusive, have found that the likelihood of identifying a biomarker with such sensitivity and specificity may be slim, at least for the immediate future. Therefore, combining markers is thought to be the next best thing to improve the accuracy of diagnosing, treating, and surveillance of recurrence of prostate cancer (152) . Some have suggested using multiple biomarkers with different qualities: for instance, combining a "biomarker with high sensitivity and low specificity (to detect potentially deadly cancers but would result in many false positives) with a second biomarker having less sensitivity but higher specificity" (84) .
In summary, substantial discovery still awaits to be made in this field, and methodologies for the clinical evaluation of existing and novel biomarkers have yet to be explored. While much could be gained from the discovery of more novel biomarkers for early detection of prostate cancer, prediction of the malignant potential of the disease, and guidance of individualized therapy for patients, the near future of prostate cancer prognosis may eventually come to count on a few "elite club" biomarkers, which hopefully will accurately predict the incidence, stage, and progression of the disease, as well as reliably evaluate drug development. While extensive clinical validation of these novel biomarkers remains as one of the most significant and daunting challenges, overcoming this impediment will by no means eliminate all the problems hampering the identification and development o f b i o m a r k e r s f o r t h i s d i s e a s e . H o w e v e r , i n t h e process of se a r c h i n g f o r n o v e l b i o m a r k e r s , w e m a y discover valuable insights into the mechanisms of prostate cancer that could possibly lead to a cure in the long run.
